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FOREWORD

The test described herein was conducted under

NASA Apollo contract NAS 9-150.

This report was prepared by R. Ufer of the Wind

Tunnel Test Group, Space and Information Systems

Division of North American Aviation, Inc.
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AB ST RAC T

Stability of the launch escape system with longi-

tudinal ribs on the command module determined for

Mach numbers 0.7, 1.575, and 2.01 using the 0.02-

scale force model in the NAA Supersonic Aerophysics

Laboratory is defined, The mode] configuration and

installation are described, and the operating con-

ditions and instrumentation are specified, The

six-component force and moment data are presented

in tabular form.

Basic wind tunnel test data are presented only

to make the test results available at the earliest

possible date. Analyses and summary of res,alts

will be reported under separate cover.

- iii -

SID 62-1063



NORTH AMERICAN AVIATION, INC.

_Iil I_II'IIIL'&ITI a. ....

SPACE and INFORMATION SYSTEI_iS DIVISION

Section

I

II

III

IV

V

VI

CONTENTS

INTRODUCTION

MODEL DESCRIPTION AND INSTRUMENTATION

Command and Module

Launch Escape System

Instrumentation

OPERATING CONDITIONS

Mode I Attitude s

Flow Conditions

TEST PROGRAM

DATA REDUCTION

REFERENCES

Page

2

2

2

2

ll

Appendix

A

B

Tabulated Data

Plotted Data

APPENDIXES

Page

A-I

B-I

Figure

.

2.

3.

4.

ILLUSTRATIONS

Launch Escape System Geometry

Model Description

Launch Escape System, Escape Motors

Launch Escape System, Tower Structure

Page

3

4

5

6

- iv -

SID 62-1063



NORTH AMERICAN AVIATION, INC, SPACE and INFORMATION SYSTEMS DIVISION

I. INTRODUCTION

Apollo force model FS-1 was tested in the SAL wind tunnel from

6 June 1962 to 8 June 1962. The test was conducted to determine the

aerodynamic characteristics of the launch escape system with longitudinal

ribs on the command module surface.

A total of 155 acceptable data points were taken at Machnumbers

0.7, 1.575, and 2.01.

_
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II. MODEL DESCRIPTION AND INSTRUMENTATION

The model tested was a 0.0Z-scale model of the Apollo launch escape

system. (See Figure l.) The configuration changes consisted of the number

and location of the longitudinal ribs on the command module surface.

Figure Z shows the exact shape and location of the longitudinal ribs.

COMMAND MODULE

The model was tested through an angle-of-attack range of -i0 to

+50 degrees. To accomplish this, three command modules were used.

Model No. i, which has a sting cavity axis location at 0 degrees with

respect to the command module centerline, covers the angle-of-attack range

from -I0 to 30 degrees. Model No. Z, with the sting cavity axis at Z0

degrees to the center line, covers the angle-of-attack range from 25 to

35 degrees. Model No. 3, with the sting cavity axis at 40 degrees to the

command module center line, covers the 35- to 50- angle-of-attack range.

LAUNCH ESCAPE SYSTEM

The components that made up the launch escape system for this

test included escape motors El4 and E20 and the tower structure rll.

(See Figures 3 and 4.)

INSTRUMENTATION

The H-875 balance was used to obtain standard six-component force

data. A model base pressure and a model chamber pressure were

recorded. Schlierenphotographs were taken at 5-degree intervals.

-2 -
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ZSZ.89

_lO. lO

B.O--_

6 5.0 I I 35:./) 47. o

-']-_0

L..

I-

FULL SCALE DIIV_E. NSIONS -..TNC_C.._..g

NOT 3-0 ANY SCALE

F'IGUI=t,E 3 - LAUNIC.H ESCAPE SYSTEM, ESCAPE r_O.Tol=,,3

- 5-

SID 6Z- 1063



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

17_.0

119.0

-F'll

FULL SCALE. DIMENSIONS -INCMES

NOT TO ANY SCALE

FIGUI_I:" 4- - "TOWER STRUCTLJ.BE

-6-

SID 62- 1063



NORTH AMERICAN AVIATION. INC.

l_I "' ='_lF='"' ,, ,_
_Ipr.. _ II_l ur-u we u_

SPACE and INFORMATION SYSTEMS DIVISION

III. OPERATING CONDITIONS

MODEL ATTITUDES

The angle-of-attack range for the launch escape system was from

-10 to 50 degrees.

The angles of attack covered in the minus I0- to plus 10-degree range

were-I0,,-7, -5, -3, -Z, -I, 0, l, Z, 3",5, 7, I0 degrees.

The angles of attack covered in the

, Z0, Z5_ and 30 degrees.15

10- to 30-degree range were

The angles of attack covered in the 40-to 50-degree range were

35, 40, 45_ and 50 degrees.

FLOW CONDITIONS

The following flow conditions are for tunnel clear operation:

Mach No.

0. 681

I. 575

g. 01

Reynolds No. x I0 -6

(Based on command

Dynamic
Pre ssure

module diameter)

0.98

1.16

i. 024

(lb/ft z)

720

884

756

-7-
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IV. TEST PROGRAM

A summary of the runs completed are presented by number in the

following tabulation.

Configuration Mach No.

0.7 I 1.575 l 2.011

ANGLE OF ATTACK

EZ0 Tll C

E20 Tll Cll

EZ0 Tll C1Z

E20 Tll C14

El4 Tll C1Z

-10

to

+10

53

56

20 35 - 3

to to to

30 50 +i0

54 55

57 58

75 76 74
J

-I0

to

+I0

61

6Z

20

to

3O

60

63

66

35

to

50

59!

64

65

-3

to

I0

67

-10

to

10

2O

to

3O

7?-

69

35

to

5O

71

70

-3

to

+i0

73

68

-8-
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V. DATA REDUCTION

DATA REDUCTION CONSTANTS

The following data reduction constants were used for the FS-I test:

Z
Reference Area = 7.4506 in.

Reference Length = 3.0800 in.

Reference center of gravity location for the launch escape system:

X =

SYMBOLS

0.739?_ inches from the center of heat shield measured along

the a-cis; at symmetry

0. 1817 inches belowtheaxis at symmetry.

C L

C N

C
X

C A

C D

C
m

C
n

L/D

Lift coefficient = L/qS

Normal force coefficient = N/qS

A,dal force coefficient, stability axes

Axial force coefficient, body axes =

Drag coefficient = D/qS

Pitching moment coefficient

Yawing moment coefficient

Rolling moment coefficient

Lift-Drag ratio = CL/C D

= m/qSd

= n/qSd

: _/qSd

= C D

A/qS

when _ : 0

Xcp/dCenter at pressure, measured from the center of the l_at

shield along the axis of symmetry = (_/d) + (Cmc g/CN)

-(Ca/CN) ('Z/d)

-9-
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q

S

Dynamic pressure, psi

2
Reference area, in.

d Reference length, d

n
X Distance from the center of heat shield to the reference center

at gravity, measured along the axis of symmetry

m
Z Distance from the axis of symmetry to the reference center

of gravity, measured normalto the axis of symmetry

(I Angle of attack, degrees

Angle of yaw, degrees

SUBSCRIPTS

S Referenced to the stability axes system

B Referenced to the body axes system

DATA REFERENCES

Tabulated data from this test are presented in Appendix A, and plotted

data is presented in Appendix B. The discontinuities apparent in plots of

C D (Figures 5b, 7b, and 10b) and C A (Figures 5d, 7d, and 10d) occur when

command module model sting angles are changed. These discontinuties

are due to sting interference that increase base pressure, which, in turn,

decreases axial force and drag. This occurs when the sector is at a

negative angle of attack.

- 10-
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TABULATED DATA NOMENCLATURE

The key to reading the tabulated data is as follows:

First Row:

Alpha C = Angle of attack, degrees

CL =

CX =

CPM =

CYM Stab=

C_I Stab=

Dp/(_ =-

L/D =

Second Row-

Yaw C

CN Body =

CA Body

CY Body =

C_ Body =

CS_Body =

CD

XCP/D

Lift coefficient

Axial force coefficient,

about stability axis

Pitching moment coefficient,

about center of gravity

Yawing moment coefficient,

about stability axis

Rolling moment coefficient

about stability axis

Base pressure, body

Lift drag ratio

Angle of yaw, degrees

Normal force coefficient,

about body axis

Axial force coefficient

about body axis

Side force coefficient,

about body axis

Yawing moment coefficient,

about body axis

Rolling moment coefficient,

about body axis

Drag coefficient

Center of pressure, measured
from the center of the heat

shield along the axis of symmetry

A-2
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